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RESEARCH  MEMORANDUM 


FLIGHT  INVESTIGATION  OF  THE  EFFECT  OF  A  PROPULSIVE  JET 
POSITIONED  ACCORDING  TO  THE  TRANSONIC  AREA  RULE  ON 
THE  DRAG  COEFFICIENTS  OF  A  SINGLE-ENGINE 
DELTA-WING  CONFIGURATION  AT  MACH 
NUMBERS  FROM  0.83  TO  1. 36 
By  Joseph  H.  Judd  and  Ralph  A.  Falanga 


SUMMARY 

A  60°  delta-wing  configuration  with  an  engine  location  in  a  pod 
contiguous  to  the  underside  of  the  fuselage  was  flight  tested  to  deter¬ 
mine  the  effects  of  the  flow  field  of  and  about  the  propulsive  jet  on 
the  drag,  lift,  and  longitudinal  stability.  A  solid-propellant  rocket 
motor  was  used  to  simulate  the  sonic  exhaust  jet  of  a  turbojet  engine 
plus  afterburner  and  operated  at  a  jet-exit  static-pressure  ratio  of 
approximately  4.  The  jet-on  Mach  number  varied  from  O.83  to  1.36  and 

Reynolds  numbers  varied  from  6.9  X  10^  to  10.4  x  10^,  whereas  the  jet- 
off  flight  covered  a  Mach  number  range  from  O.83  to  I.63  and  Reynolds 

numbers  from  6.9  x  10^  to  17*5  x  10^. 

Jet-on  drag  coefficients  were  lower  than  jet-off  drag  coefficients 
at  transonic  speeds.  The  maximum  difference  in  drag  coefficient,  O.OI56, 
was  attained  at  a  Mach  number  of  0.99*  The  .difference  between  jet-on 
and  jet-off  drag-rise  coefficients  to  a  Mach  number  of  1.0  can  be  pre¬ 
dicted  approximately  for  this  configuration  by  use  of  the  transonic 
area  rule  and  inclusion  of  the  jet  in  the  cross-sectional -area  distrib¬ 
ution  for  the  jet-on  case.  Above  a  Mach  number  of  1.27,  the  jet-off 
drag  coefficients  were  lower  than  jet -on  drag  coefficients  for  this 
configuration. 

.Lift-coefficient  increments  of  0.0^5  between  jet-on  and  jet-off 
flight  were  attained  to  a  Mach  number  of  O.92. 
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INTRODUCTION 


Recent  investigations  of  the  effect  of  the  propulsive  jet  on  the 
aerodynamic  characteristics  of  "bodies  and  airplane  configurations  have 
shown  that  important  changes  in  drag  and  lift  coefficients  can  occur 
"between  jet-on  and  jet-off  conditions.  For  example,  positive  increments 
in  base  and  boattail  pressure  coefficients,  caused  by  the  jet  expansion,' 
have  reduced  drag  coefficients  between  jet-on  and  jet-off  conditions  for 
bodies  of  revolution  with  jet  exhausting  from  the  base  (refs.  1  and  2). 
Also,  the  flow  field  produced  by  the  expansion  of  the  jet,  when  located 
in  a  favorable  position  below  the  wing,  has  been  shown  in  references  3,  4 
and  5  to.  produce  appreciable  increments  in  lift  from  the  jet-off  condi¬ 
tions.  It  was  proposed,"  therefore,  to  use  the  expansion  of  the  jet  to 
reduce  the  drag  from  the  jet-off  condition  of  an  airplane  configuration 
by  the  application  of  the  concept  of  the  transonic  area  rule  (ref.  6)  for 
the  jet-on  condition.  In  this  case  the  jet  was  considered  a  solid  body 
and  was  used  to  fill  the  cross-sectional-area  distribution  and  reduce  its 
slope  at  the  rear  of  the  configuration.  A  model  of  a  60°  delta-wing 
interceptor  configuration,  whose  single  engine  was  located  in  a  pod  con¬ 
tiguous  to  the  underside  of  the  fuselage  and  designed  according  to  the 
above-stated  principle,  was  flight  tested  by  the  Pilotless  Aircraft 
Research  Division  of  the  Langley  Aeronautical  Laboratory  as  part  of  a 
current  program  on  jet  effects.  0 

The  jet  exit  was  located  slightly  ahead  of  the  wing  trailing  edge 
and  below  the  wing.  The  propulsive  jet  issuing  from  the  sonic  exhaust 
nozzle  simulated  exhaust  parameters  of  a  current  turbojet  plus  after-: 
burner  at  an  altitude  of  35 .>000  feet  and  a  Mach  number  of  1.3  by  uti¬ 
lizing  a  solid-propellant  rocket  motor  designed  according  to  reference  7. 

The  flight  test  was  made  at  the  Langley  Pilotless  Aircraft  Research 
Station  at  Wallops  Island,  Va.  The  Mach  number  range  of  this  test  was 
from  O.83  to  I.63  for  jet-off  flight  and  O.83  to  I.36  for  jet-on  flight. 

The  jet-off  Reynolds  number  range  varied  from  6.9  X  10^  to  17.3  x  10^ 
and  jet-on  Reynolds  number  range  from  6.9  x  10^  to  10.4  x  10^. 


SYMBOLS 


ac  distance  from  leading  edge  of  mean  aerodynamic  chord  to  aero¬ 

dynamic  center,  percent  mean  aerodynamic  chord,  positive 
rearward 

A  cross-sectional  area,  sq  ft 
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o 

c 

CP,B 

C-n 


°L,T 

Cm 


wing  span,  ft 

wing  chord,  ft  - 

wing  mean  aerodynamic  chord,  ft 

Pe  -  p 

base  pressure  coefficient,  — - 


drag  coefficient, 


lift  coefficient, 


lift- curve  slope, 


qS 

dC 


da 


per  deg 


trim-lift  coefficient 


pitching -moment  coefficient,  measured  about  model  center  of 
gravity 

pitching  moment  due  to  jet  thrust  about  center  of  gravity 


dCL 

Cm  static-stability  derivative,  — St  per  degree 

a,  da 


dC, 


'M 


<l) 


per  radian 


“a 


per  radian 


(S  +  Si)  longitudinal  damping  derivatives,  per  radian 


h 

l 

M 


moment  of  inertia  in  pitch  about  model  center  of  gravity, 
slug-ft^ 

fuselage  length,  ft 
Mach  number 
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engine -pod  base  pressure,  lb/sq  ft 

jet-exit  static  pressure,  lb/sq  ft 

free-stream  static  pressure,  lb/sq  ft 

period  of  short-period  longitudinal  oscillation,  sec 

dynamic  pressure,  lb/sq  ft 

radius  of  equivalent  body,  ft 

Reynolds  number,  based  on  wing  mean  aerodynamic  chord 
total  plan  form  area,  sq  ft 
time  from  launch,  sec 

time  required  for  short-period  oscillation  to  damp  to  one-half 
amplitude,  sec 

wing-thickness  ratio 

velocity,  ft/sec 

weight  of  model,  lb 

distance  along  fuselage  measured  from  nose  of  engine  pod,  ft 

distance  of  center  of  gravity  from  leading  edge  of  wing  mean 
aerodynamic  chord,  positive  rearward 

distance  of  center'  of  gravity  from  leading  edge  of  wing  mean 
aerodynamic  chord,  positive  upward 

angle  of  attack  at  the  center  of  gravity,  measured  from 
. fuselage  center  line,  deg 

trim  angle  of  attack,  deg 


a  =  — —  da/dt,  radians/sec 

57-3 


e  = 


dt' 


angle  of  pitch  at  the  model  center  of  gravity,  measured  from 
fuselage  center  line,  radians 

radians/sec 
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MODEL  AND  APPARATUS 
Model 


A  three-view  drawing  of  the  flight  model  is  shown  in  figure  1  and 
the  basic  geometric  parameters  are  given  in  table  I.  The  present  model 
was  derived  from  a  research  configuration  (model  7  of  ref.  8)  which  had 
a  60°  delta  wing  mounted  on  a  parabolic  body  of  revolution  and  no  hor¬ 
izontal  tail.  The  test  configuration  utilized  an  engine  installation 
located  in  a  pod  contiguous  to  the  underside  of  the  fuselage.  To  ensure 
dynamic  lateral  stability  in  the  test  model  two  auxiliary  fins  were 
mounted  at  the  rear  of  the  engine  pod.  The  use  of  two  fins  was  dictated 
by  the  underslung  booster  configuration. 

The  basic  fuselage  was  a  parabolic  body  of  revolution.  To  house 
the  propulsive  unit  an  engine  pod  was  mounted  on  the  underside  of  the 
fuselage,  4.3  inches  below  the  fuselage  center  line.  To  cope  with  the 
problems  of  telemeter  installation,  a  nose  fairing  and  a  cylindrical 
section  were  mounted  ahead  of  the  engine  pod.  Ordinates  Of  the  fuselage 
and  pod  are  given  in  table  II.  A  conical  boattail  of  3 *92°  half -angle 
was  used  on  the  engine  pod.  Figure  2,  a  drawing  of  the  engine,  shows 
the  rear  of  the  pod  and  the  jet  and  base  diameters. 

The, wing  used  on  the  configuration  was  a  60°  delta  wing  of  solid 
magnesium  whose  thickness  ratio  varied  from  3  percent  at  the  root  to 
6  percent  at  the  tip.  The  airfoil  had  a  flat  center  section,  0.5e, 
which  was  located  rearward  of  0.3c.  Leading  and  trailing  edges  were 
faired  to  the  flat  center  section  by  using  NACA  airfoils  as  shown  in 
figure  3.  The  vertical  fin  was  swept  6o°  at  the  leading  edge  and  had  a 
hexagonal  .airfoil  section  whose  thickness "ratio  varied  from  1.7  percent 
at  the  root  to  3*2  percent  at  the  tip.  Two  auxiliary  fins  at  a  45°  angle 
below  the  wing  plane  were  attached  to  the  engine  pod.  These  fins  were 
flat  steel  plates,  0.125  inch  thick,  with  sharpened  leading  and  trailing 
edges. 

The  basic  turbojet  simulator  utilized  in  this  model  consisted  of  a 
combustion  chamber,  a  flow  control  nozzle,  and  a  convergent  sonic-exit 
nozzle.  A  Cordite  SU/K  propellant  grain  23.6  inches  long  generated 
the  exhaust  gases  to  simulate  a  current  turbojet  plus  afterburner 
(ref.  7)*  The  jet-exit  diameter  was  3-792  inches  and  the  jet  base  diam¬ 
eter  was  4.125  inches,  corresponding  to  a  jet  area  of  O.O786  square  foot 
and  a  base  area  of  0.0925  square  foot.  Figure  4  shows  the  relationship 
of  the  jet  exhaust  nozzle,  the  fuselage,  fins,  and  wing. 
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Booster  and  Equipment 

An  underslung  booster,  as  shown  in  figure  5  and  described  in  ref¬ 
erence  9;  was  used  to  propel  the  model  to  maximum  velocity.  Two  lugs, 
shown  in  figure  2,  were  welded  to  the  engine  pod  in  order  to  provide  a 
forward  attachment  between  the  model  and  booster.  The  rear  booster 
attachment  was  provided  with  an  adapter  which  fitted  in  the  exhaust  noz¬ 
zle  of  the  model. 


Instrumentation 

A  six-channel  telemeter,  located  in  the  nose  of  the  engine  pod, 
continuously  transmitted  measurements  of  free- stream -total  pressure, 
angle  of  attack,  longitudinal  and  normal  acceleration,  combustion  cham¬ 
ber  static  pressure,  and  nozzle  static  pressure.  The  locations  of  the 
pressure  orifices  used  to  measure  combustion  chamber  static  pressure  and 
the  exit-nozzle  static  pressure  are  shown  in  figure  2.  The  longitudinal 
accelerometer  was  located  at  station  and  in  the  wing  mean  chord 

plane,  whereas  the  normal  accelerometer  was  located  at  station  52.625 
and  in  the  wing  mean  chord  plane.  Data  for  the  flight  tests  were 
obtained  by  use  of  telemeter,  CW  Doppler  velocimeter,  NACA  modified 
SCR  584  tracking  radar  and  rawinsonde.  Model  velocity,  obtained  with 
the  velocimeter,  was  corrected  for  wind  velocity  which  was  determined 
from  rawin  measurements. 


TEST  PROCEDURE 
Tests 


0  - 


The  turbojet  simulator  combustion  chamber  pressure,  nozzle  static 
pressure,  and  thrust  were  measured  in  a  preflight  motor  firing  in  the 
Langley  rocket  test  area.  Using  these  data,  calibration  curves  of  the 
rocket  thrust  as  a  function  of  both  the  combustion  chamber  pressure  and 
the  nozzle  static  pressure  were  obtained.  The  purpose  of  measuring 
thrust  by  two  independent  instruments  was  to  provide  insurance  against 
the  malfunctioning  of  a  pressure  cell  during  the  flight. 

The  flight  model  was  launched  from  a  mobile  launcher  (fig.  5)-  An 
underslung,  single  ABL  Deacon  rocket  motor  boosted  the  configuration  to 
the  peak  Mach  number.  Jet-off  data  were  obtained  during  the  decelerating 
flight  after  separation  of  model  from  the  booster.  Jet-on. data  were 
obtained  during  firing  of  the  turbojet  simulator  which  was  started  at 
the  lowest  test  Mach  number  in  the  deceleration  phase.  During  jet-off 
flight  the  model  was  disturbed  in  pitch  by  separation  from  the  booster. 
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and  later  by  a  pulse  rocket.  During  jet-on  flight  the  model  was  dis¬ 
turbed  in  pitch  when  the  turbojet  simulator  was  started  and  when  the 
model  passed  a  Mach  number  of  1.0.  A  time  history  of  the  angle  of 
attack  during  the  flight  is  given  in  figure  6.  From  an  examination  of 
this  figure,  it  can  be  seen  that  the  angle -of -attack  disturbance  caused 
by  separation  of  the  model  from  the  booster  has  been  modulated  and,  from 
past  experience,  indicates  that  a  lateral  disturbance  probably  occurred 
at  the  same  time.  Since  the  model  was  not  instrumented  for  lateral  dis¬ 
turbances,  the  pitching  data  obtained  during  this  portion  of  the  flight 
cannot  be  analyzed.  Also  marked  on  this  figure  is  the  time  when  the 
second  pulse  rocket  fired,  at  which  time  several  instruments  failed. 
These  were  the  longitudinal  and  normal  accelerometers  and  the  combustion 
chamber  static  pressure.  Since  the  angle  of  attack  was.  corrected  to  the 
model  center  of  gravity  during  pitching  disturbances  by  using  data  from 
the  accelerometers,  the  values  of  angle  of  attack  shown  in  figure  6  were 
stopped  at  the  time  when  the  accelerometers  failed.  Data  beyond  this 
point  were  obtained  after  the  pulse  rocket  disturbance  damped  but  were 
not  plotted  in  figure  6. 

The  variation  of  Reynolds  number  (based  on  wing  mean  aerodynamic 
chord)  with  Mach  number  for  jet-on  and  jet-off  flight  is  presented  in 
figure  7.  Time  histories  of  velocity,  Mach  number,  and  free-stream 
dynamic  pressure  during  the  flight  are  given  in  figures  8  and  9* 


'■  Analysis 

Longitudinal  accelerations  Of  the  model  were  obtained  from  two 
sources:  (l)  longitudinal  accelerometer  and  (2)  differentiation  of  the 
model  velocity.  Thus,  when  the  longitudinal  accelerometer  failed,  drag 
was  still  obtainable.  The  method  of  obtaining  jet-on  and  jet-off  drag 
coefficients  is  explained  in  reference  1. 


The  angle-of-attack  indicator  was  mounted  ahead  of  the  nose  and  the 
measured  angles  of  attack  were  corrected  to  those  at  the  model  center  of 
gravity,  according  to  reference  10. 

The  method  of  obtaining  lift  and  longitudinal  stability  coefficients 
from  transient  longitudinal  disturbances  is  given  in  reference  11. 

During  jet-on  flight,  the.  model  weight,  moment  of  inertia,  and  center  of 
gravity  changed  as  the  rocket  fuel  burned.  The  variation  of  these  quan¬ 
tities  with  time  is  given  in  figures  10  and  11.  All  data  obtained  during 
pitching  oscillations  were  computed  using  these  values. 

The  engine-pod  base  pressure  coefficient  was  computed  from  the  exit- 
nozzle  static  pressure  during  jet-off  flight.  It  was  assumed  that  the 
exit-nozzle  static  pressure  represented  the  magnitude  of  base  pressure 
occurring  over  the  entire  base. 
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ACCURACY 


To  establish  telemeter,  instrument  accuracies,  statistical  data  have 
been  compiled  on  flight  instrument  measurements  over  a  number  of  years, 
and  on  the  basis  of  this  information  the  maximum  probable  error  is 
believed  to  be  1  percent  of  the  full-scale  calibrated  range  for  the 
telemetered  measurements.  These  maximum  probable  errors  in  measurements, 
which  have  been  used  to  compute  the  errors  in  base,  pressure,  drag,  and 
lift  coefficients  for  several  Mach  numbers,  are  tabulated  below. 


Mach 

number 

cPb 

^jet-off 

^jet-on 

jet-off 

0.95 

1.25 

1.6o 

±0.097 

±.052 

±.028 

8  8  8 

±0.0092 

±.005^ 

±0.0176 

t.OOb'J 

±.0023 

The  velocity  measured  by  the  CW  Doppler  velocimeter  is  known  to 
have  an  error  of  less  than  1  percent  at  supersonic  speeds  and  less  than.. 

2  percent  at  subsonic  speeds.  Since  Mach  number  is. determined  from 
velocity,  the  above-quoted  errors  also  apply  to  Mach  number. 

The  magnitude  of  these  computed  errors  is  large  in  comparison  with 
the  magnitude  of  the  measured  coefficients.  However,  the  longitudinal 
accelerations  used  to  compute  the  chord  force  coefficients  were  measured 
directly  by  telemeter  and  also  were  obtained  by  differentiation  of  the 
model  velocity.  These  values  were  compared  and  were  nearly  the  same, 
the  difference  being  much  smaller  than  the  stated  error.  The  measured 
motor  pressures  were  compared  with  those  obtained  from  the  static  test 
firing  and  the  specific  impulses  of  the  two  firings  were  compared.  These 
also  were  much  closer  than  the  quoted  accuracies.  Because  of  these 
checks  it  is  believed  that  the  error  of  the  jet -on  drag  coefficients 
is  no  more  than  ±0.003,  which  is  equal  to  the  scatter  of  the  data 
obtained  during  pitching  oscillations.  Similarly,  the  error  in  jet-off 
drag  coefficients  is  approximately  ±0.002. 

RESULTS  AND  DISCUSSION 
Drag 


The  variation  of  total  drag  coefficient  with  angle  of  attack, 
obtained  during  pitching  disturbances,  is  given  in  figure  12.  Since 
jet-off  drag  coefficients  were  obtained  during  pitching  oscillations  at 
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supersonic  speeds,  and  jet-on  drag  coefficients  were  obtained  during 
pitching  oscillations  at  transonic  and  sonic  speeds,  a  direct  comparison 
of  these  data  cannot  be  made.  Although  the  jet-off  drag  coefficients 
show  hysteresis  as  the  model  pitches,  the  minimum  drag  coefficient  appar¬ 
ently  occurs  at  0°  angle  of  attack  and  for  the  small  angle-of -attack 
range'  covered  exhibits  little  variation  with  angle  of  attack.  The  jet- 
on  drag  coefficients  show  the  same  effect.  Thus,  when  a  comparison 
between  trim  drag  coefficients  for  jet-on  and.  jet-off  flight  is  made, 
the  effect  of  the  difference  in  trim  angle  of  attack  will  be  neglected 
inasmuch  as  ,  the  maximum  trim  angles  were  less  than  ±1°. 

The  variation  of  jet-on  and  jet-off  total  drag  coefficients  is  pre¬ 
sented  in  figure  15,  together  with  the  base  drag  coefficient  of  the 
engine  pod.  The  trim  angle  of  attack  for  jet-on  and  jet-off  flight  is 
plotted  in  figure  l4  and  values  of  the  jet-exit  static -pres sure  ratio  in 
figure  15.  During  the  period  of  jet-on  flight,  the  jet-exit  static- 
pressure  ratio  is  approximately  4.0  and  remains  relatively  constant, 
corresponding  to  flight  with  a  current  turbojet-plus-afterbumer  at 
55,000  feet  altitude  and  a  Mach  number  of  1.5- 

The  total  jet-on  drag  coefficients  are  lower  than  the  total  jet-off 
drag  coefficients  to  a  Mach  number  of  1.26  and  reach  a  maximum  difference 
of  O.OI56  at  M  =  0.99*  Above  a  Mach  number  of  1.2.6,  the  jet-off  drag 
coefficients  are  less  than  the  jet-on  drag  coefficients.  By  subtracting 
the  base  drag  coefficient  from  the  jet-off  drag  coefficient,  the  effect 
of  the  jet  on  the  external  drag  can  be  determined.  The  difference 
between  total  jet-off  drag  coefficients  (less  base  drag  coefficients)  and 
jet-on  drag  coefficients  is  plotted  in  figure  l6.  It  should  be  noted 
that  the  maximum  reduction  in  drag  coefficient  occurs  approximately  at 
Mach  number  1.0.  As  was  mentioned  in- the  introductory  remarks,  the  jet 
was  located  to  fill  out  the  cross-sectional -area  distribution.  Naturally, 
after  Mach  number  1.0  the  Mach  lines  from  the  jet  sweep  back  at  greater 
angles.  The  influence  of  the  jet  is  thus  caused  to  affect  a  much  smaller 
part  of  the  configuration  and  thereby  to  lower  drag  coefficient  differ¬ 
ences  between  jet-on  and  jet-off  operation. 

The  variation  of  model  cross-sectional  area  along  the  longitudinal 
axis  of  the  configuration  and  its  equivalent  body  of  revolution  is  given 
in  figure  17.  On  the  side  view  of  the  configuration  are  several  curves 
showing  the  jet  shape  for  different  flight  conditions.  The  jet  bulge  was 
measured  from  schlieren  photographs  of  a  sonic  jet  operating  in  the  8-foot 
transonic  wind  tunnel  at  a  Mach  number  of  1.0,  and  shadowgraph  pictures  of 
a  sonic  jet  operating  at  a  Mach  number  of  1.4  in  the  preflight  jet  of  the 
Langley  Pilotless  Aircraft  Research  Station  at  Wallops  Island,  Va.  The 
measured  values  of  jet  diameter  are  close  in  magnitude.  The  value  of  jet 
cross-sectional  area  at  a  Mach  number  of  1.0  was  used  and  a  cylindrical  jet 
shape  was  assumed  after  the  initial  bulge.  The  peak  drag-rise  coefficient 
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was  computed,  for  the  jet-on  and  jet-off  case  using  the  curves  of  refer¬ 
ence  13.  The  jet-off  peak  drag  rise  was  0.020  which  agrees  with  the  ;  - 
measured  peak  drag  rise  of  the  configuration.  The  computed  jet-on  peak 
drag-rise  coefficient  was  O.OO76.  This  should  he  expected  to  apply  only 
at  or  slightly  above  a  Mach  number  of  1.0.  The  subsonic  level  of  the 
jet-on  drag  coefficients  was  taken  as  the  value  at  a  Mach  number  of  O.85. 
Using  this  value,  the  drag  rise  to  a  Mach  number  of  1.02  (which  was  the 
same  as  the  Mach  number  for  jet-off  peak  drag  rise)  was  0.0119*  Thus 
while  the  value  of  drag  rise  to  sonic  speeds  was  higher  than  the  estima¬ 
ted  value  for  jet-on  flight,  the  transonic  area  rule  does  predict  a 
pressure  drag  reduction  between  jetroff  and  jet-on  flight. 

Above  a  Mach  number  of  1.27  the  jet-on  drag  coefficients  are  greater 
than  the  jet-off  total  drag  coefficients.  Thus  the  approach  used  to 
reduce  the  drag  coefficients  applied' only  for  the  Mach  number  range  for 
which  it  was  intended. 

The  total  drag  coefficient  for  jet-off  flight  appeared  to  be  high, 
as  seen  in  figure  13-  In  order  to  check  on  these  values,  an  attempt  was 
made  to  estimate  the  drag  coefficients  of  the  configuration  by  addition 
of  the  drag  coefficients  of  the  components.  Drag  coefficients  for  the 
wing,  body,  and  vertical  tail  were  obtained  from  reference  8j  boattail 
drag  coefficients  for  the  engine  pod  were  obtained  from  reference  13  and 
skin-friction  drag  coefficients  from  reference  l4.  The  auxiliary  fins 
were  assumed  to  be  flat  plates  and  have  turbulent  skin  friction  over  the 
surface.  Drag  coefficients  for  these  fins  were  estimated  from  refer¬ 
ence  14.  These  values  are  plotted  In  figure  l8  and  a  considerable  dif¬ 
ference  is  shown  to  exist  between  the  measured  and  estimated  total  drag 
coefficients  with  the  estimated  values  being  0.00^3  to  0.0068  below  the 
measured  drag  coefficients;  Since  the  estimated  values  of  pressure  drag  0 
rise  agree  with  the  measured  drag  rise,  the  difference  in  drag  level  is 
attributed  to  drag  caused  by  the  interference  of  engine  pod  and  fuselage. 
A  similar  drag  difference  caused,  by  an  unfavorable  wing-fuselage  juncture 
was  observed  in  reference  15;  and  also.,  the  high,  drag  level  of  model  2  of 
reference  9  was  attributed  to  a  similar  fuselage-engine  pod  juncture. 

Values  of  engihe-pod  base-drag  coefficient  presented  in  figure  13 
were  obtained  from  a  pressure  measured  at  the  wall  inside  the  convergent 
sonic  nozzle.  Pressure  coefficients  for  this  orifice  are  presented  in 
figure  19.  These  coefficients  are  considerably  higher  than  values  foi*  a 
cylindrical  conical  afterbody  (ref.  l4)  with  approximately  the  same  boat- 
tail  angle. 


Lift 

The  variations  of  lift  coefficient  ■With  angle  of  attack  obtained 
during  pitching  oscillations  for  jet-on  and  jet-off  flight  are  given  in 
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figure  20.  Flagged  symbols  indicate  increasing  values  of  angle  of  attack, 
while  unflagged  symbols  indicate  decreasing  angles  of  attack.  Since  the 
jet-on  and  jet-off  lift  coefficients  were  not  obtained  at  the  same  Mach 
numbers,  a  direct  comparison  cannot  be  made.  However,  the  jet-on  data, 
as  shown  in  figure  20a,  indicate  that  at  a  =  0  the  jet  gives  positive 
increments  in  lift  coefficients,  but  that  these  decrease  with  increasing 
Mach  number.  It  is  felt  that  this  variation  of  incremental  lift  coeffi¬ 
cient  at  a  =  0  with  Mach  number  is  a  result  of  the  disturbance  caused 
by  the  jet  moving  rearward  of  the  wing  as  free-stream  Mach  number  is 
increased.  Thus,  it  appears  that  the  operation  of  the  jet  increased  the 
model  lift  in  the  transonic  speed  range  of  the  present  test  in  a  manner 
comparable  to  that  reported  at  supersonic  speeds  in  reference  5* 

Although  the  angle-of -attack  range  was  limited,  it  appeared  that 
during  the  transonic  speeds  of  the  jet- on  flight  the  lift  curve  was 
S-shaped.  Thus,  at  some  subsonic  Mach  numbers  two  values  of  lift-curve 
slope  were  obtained:  (l)  a  value  for  a  =  0,  and  (2)  a  value  for  a 
greater  angle  of  attack.  The  variation  of  the  slope  of  the  lift 
curve  Cj^  with  Mach  number  for  jet-on  and  jet-off  flight  is  presented 

in  figure  21  together  with  variation  of  lift-curve  slope  for  a  6o°  delta¬ 
wing — body  combination  (ref.  17).  The  jet-on  and  jet-off  data  presented 
are  in  agreement  with  reference  17,  except  at  the  lower  Mach  numbers . 

In  this  speed  range  the  lift  curve  had  a  tendency  to  be  S-shaped  which 
resulted  in  lower  values  of  lift-curve  slope  near  a  =  0  hence,  the 
cause  for  disagreement  with  reference  17  at  the  lower  Mach  numbers. 


Trim 

The  variation  of  trim  angle  of  attack  with  Mach  number  is  presented 
in  figure  l4  for  jet-on  and  jet-off  flight.  During  jet-off  flight,  the 
configuration  trims  at  positive  angles  of  attack  from  transonic  speeds 
to  Mach  number  1.24,  whereas  during  jet-on  flight,  the  configuration 
trims  at  a  negative  angle  of  attack  at  Mach  numbers  below  1.00.  From 
these  data,  it  can  be  seen  that  the  greatest  change  in  trim  angle  of 
attack  between  jet-on  and  jet-off  flight  occurs  below  M  =  0.92  and 
that  the  jet-on  trim  angle  of  attack  is  nearly  1.5°  below  the  jet-off 
trim  angle  of  attack.  The  effect  of  the  jet  is  large  at  Mach  numbers 
from  O.83  to  0.92}  this  effect  causes  the  model  to  trim  negatively  even 
though  the  turbojet  simulator  thrust  was  tending  to  trim  it  positively. 
It  is  felt  that  the  radical  trim  change  which  occurred  during  jet-on 
flight  was  caused  by  the  rearward  shift  of  the  jet  effect  on  the  wing 
and  afterbody  of  the  model  as  the  Mach  number  increased.  The  trim-lift 
coefficient  for  jet-on  and  jet-off  flight  is  given  in  figure  22. 

The  plot  indicates  positive  T  for  both  jet-on  and  jet-off  flight 

of  approximately  the  same  order  of  magnitude.  This  indicates  that  the 
flow  field  of  the  jet  produces  an  appreciable  lift-coefficient  increment 
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in  this  speed  range  as  great  as  0.045  at  a  Mach  number  of  O.85  and  also, 
as  mentioned  above,  an  appreciable  nose-down  pitching  moment.  The  thrust 
of  the  Jet  produces  a  nose-up  pitching  moment  whose  variation  with  time 
is  plotted  in  figure  25.  The  reduction  in  magnitude  (from  0.026  to  0.0115) 
of  the  pitching -moment  coefficient  due  to  thrust  is  mainly  due  to  the 
increase  in  dynamic  pressure  as  the  speed  increases,  since  the-  thrust 
remained  relatively  constant  during  Jet-on  flight. 


Longitudinal  Stability 


The  period  of  the  short-period  longitudinal  oscillations  is  given 
in  figure  24.  The  pitching  oscillations  are  a  result  of  disturbing  the 
model  in  pitch  by  firing  pulse  rockets  during  Jet-on  and  Jet-off  flight 
and  by  firing  the  turbojet  simulator.  The  static  stability  for  the  model 
is  presented  in  figures  25  and  26,  where  the  variation  of  the  static- 

dCm 

stability  derivative  E  and  aerodynamic  center  with  Mach  number  are 


shown,  respectively.  The  period  was  used  to  compute  Cm  ,  and  these 
Cj^  and  experimental  Cj^  were  employed  to  compute  the  aerodynamic 
center.  The  general  trend  of  jet-on  C%  with  Mach  number  appears  nor¬ 


mal  for  wing-body  combinations  of  this  type  as  does  the  aerodynamic  center. 
The  aerodynamic  center  moves  rearward  with  increasing  Mach  number,  as 
expected,  but  the  values  of  ac  presented  at  M  =  1.00  appear  to  be 
somewhat  on  the  high  side  as  compared  to  what  would  be  expected  for  the 
wing -body  combination.  Probably  the  auxiliary  fins  contributed  to  the 
increased  rearward  shift  of  the  ac. 


The  time  required  for  the  short-period  longitudinal  oscillation  to 
damp  to  one-half  amplitude  is  shown  in  figure  27  and  the  damping  deriv¬ 
atives  +  Cjd^  are  shown  in  figure  28.  The  damping  derivatives  indi¬ 

cate  that  the  model  is  dynamically  longitudinally  stable  throughout  the 
test  Mach  number  range.  Also  plotted  in  figure  27  is  a  theoretical  curve 
of  damping  derivatives  for  this  model  at  supersonic  speeds,  computed  by 
method  of  reference  18.  The  supersonic  experimental  values  from  this 
test  indicate  good  agreement  with  the  theoretical  values. 


CONCLUDING  REMARKS 


A  flight  investigation  of  a  60°  delta-wing  configuration  with  an 
engine  location  in  a  pod  contiguous  to  the  underside  of  the  fuselage  was 
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made  to  determine  the  effect  of  the  propulsive  jet  on  the  drag,  lift, 
and  longitudinal  stability.  The  jet-exhaust  nozzle  was  located  at 
91.62  percent  of  the  wing  root  chord  and  1.136  jet  diameters  below  the 
wing  mean  chord  plane.  Jet-on  data  covered  a  Mach  number  range  from  O.83 

£  £ 

to  I.36  and  Reynolds  numbers  from  6. 9  X  10°  to  10.4  x  10°,  whereas  jet- 
off  Mach  numbers  were  obtained  from  O.83  to  I.63  and  Reynolds  numbers 

from  6.9  X  10^  to  17.3  X  10^.  The  jet-exit  static-pressure  ratio  was 
approximately  4.0.  The  following  statements  summarize  the  results: 

1.  Jet-on  drag  coefficients  were  lower  than  jet-off  drag  coeffi¬ 
cients  at  transonic  speeds.  The  drag-coefficient  difference  reached  a 
maximum  value  at  O.OI56  at  a  Mach  number  of  0.99*  Above  a  Mach  number 
of  1.26,  the  jet-off  drag  coefficients  were  lower  than  jet-on  drag 
coefficients . 

2.  The  transonic-area-rule  concept  can  be  used  to  predict  jet 
effects  on  drag  for  this  type  of  configuration.' 

3.  Operation  of  the  jet  provided  increases  in  lift  coefficient  of 
approximately  0.045  at  a  Mach  number  of  O.85.  The  lift-coefficient 
increments  decreased  above  a  Mach  number  of  O.92  since  as  Mach  number 
increased  the  flow  field  induced  on  the  wing  by  the  jet  moved  rearward. 

4.  At  Mach  numbers  between  0.83  and  0.92,  the  jet  flow  field 
induced  a  nose-down  trim  angle  of  attack  despite  the  nose-up  moment  due 
to  the  thrust  of  the  turbojet  simulator.  The  difference  between  jet-on 
and  jet -off  trim  angle  was  1.50°.  After  a  Mach  number  of  0.92,  the  val¬ 
ues  for  jet-on  and  jet-off  trim  angle  tended  to  converge. 


Langley  Aeronautical  Laboratory, 

National  Advisory  Committee  for  Aeronautics, 
Langley  Field,  Va.,  January  4,  1956. 
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TABLE  I 

GEOMETRIC  PARAMETERS  OF  CONFIGURATION 


Fuselage  and  engine  pod: 

Maximum  frontal  area,  sq  ft .  0.3^0 

Engine  pod  base  area,  sq  ft . .  0.0925 

Jet-exit  area,  sq  ft . . .  .  O.O786 


Wing: 

Aspect  ratio  .  .  . 

Taper  ratio  . 

Mean  aerodynamic  chord,  ft 
Total  plan  form  area,  sq  ft 

Vertical  fin: 

Aspect  ratio  (to  fuselage  c 
Taper  ratio  (to  fuselage  ce 

Airfoil  section  . 

Area  (extended  to  fuselage 


Auxiliary  fins  (for  one  fin): 

Aspect  ratio  (to  engine  pod  center  line)  .  1.064 

Taper  ratio  (to  engine  pod  center  line) .  0.50^ 

Airfoil  section . Flat  plate 

Area  (extended  to  engine  pod  center  line)  .  0.709 


.  2.31 

.  0 

. : .  1.711 

. . 3.80 

enter  line) .  O.895 

nter  line) .  0.51^- 

. . Hexagonal  airfoil 

center  line)  sq  ft . 0.804- 
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TABLE  II.-  FUSELAGE  ORDINATES 


Fuselage 


Engine  pod 


4-300 


[Letter  dimensions  apply  only  to  this  table  and  sill 
dimensions  are  given  in  inches] 


Fuselage  station 


0 

1.000 

2.000 

3.000 

5-000 

7-500 

10.000 

12.500 
15.000 

17.500 

22.625 
23-015 
23.210 
23.600 
24.575 

26.525 

28.475 

30.425 
34.325 

38.225 

42.125 
46.025 

49.925 

53.825 

57-725 

61.625 

65.525 

69.425 
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Figure  5.-  Model  and  booster  on  mobile  launcher. 
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t,  880 


(a)  Initial  portion  of  decelerating  flight. 


t,  880 


(t)  Latter  por-tion  of  decelerating  flight  and  initial  portion  of 

accelerating  flight . 

Figure  6.-  Variation  of  angle  of  attack  with  time. 
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(a)  Jetton,  drag  coefficients.  (b)  Jet-off  drag  coefficients. 

Figure  12.-  The  variation  of  drag  coefficients  with  angle  of  attack 
obtained  during  pitching  oscillations.  Flagged  symbols-  inclicate 
increasing  angle  of  attack;  unflagged  symbols  indicate  decreasing 
angle  of  attack. 


CONFIDENTIAL 


28 


CONFIDENTIAL 


NACA  EM  L56A16 


.8  .9  1.0  1.1  1.2  1.3  1.4  1.5  1.6  1.7 


It 

Figure  13- -  The  variation  of  jet-on,  jet-off,  and  base  drag  coefficient! 

with  Mach  number. 


Figure  14-.-  The  variation  of  trim  angle  of  attack  for  jet-on  and  jet-off 

flight  with  Mach  number. 
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Figure  1 5.-  The  variation  of  jet  static-pressure-ratio  with  time. 


M 

Figure  16.-  The  variation  of  the  difference  "between  jet-off  and  jet-on 
drag  coefficients  with  Mach  number. 
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(a)  Side  viev  of  model  showing  jet  sizes  for  a-circular  jet 


.8  .9 


(b)  Equivalent  body  of  revolution  for  the  configuration  with  and  without 

the  jet . 
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/ /—  Jet 
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(c)  Cross-sectional  area  distribution  of  the  configuration  with  and 

without  the  jet. 

Figure  17 •-  The  effect  of  the  jet  on  the  cross-sectional  area  distribution 

of  the  configuration. 
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Figure  18.-  The  variation  of  the  measured  and  estimated  total-drag 
coefficients  and  the  drag  coefficients  of  the  components  with 
Mach  number . 


isssssssBSsssssssEssa 

ISSSSSSSSSSSSSSSSjij 
HBSBBSBBBEBBSBi 
n!3|BaSSBaB%ssl 

SBSSBBSI'jSSBBBSSSBSSSSSS 


iHii&Sram 


■Maiilfi 

■■■■■■■■■I 


PwiSipiiiiiiimsaas!l!i 


!»i»p3S5ssss:::sB:;BBSS 

ffilflSSSSEEEESSSSSSE8i« 
Ibebbsbbbsbbbbsesbbssbbsbbsb 
eESEEEEEEEEEEEEEEEEEEEEEESaa 

mmummummmmmwmummmummUwmm 


SSSSBSSSSS 


pi 

■■■■■■■■I 

BESEEM 

Hi| 

■■■I 


IsSSEESii 
EEEEEEEEEEEE 


[5ees!e£3|e 

SEESESSSM 


Pii™ 

IsiiisipnM 

SSSBSSSiiaSEEEiMjjjjU 


RSSEEEEE5SShSEhS9 
ess  essseeesesssesse!!SI 

SEE  BSSSSSSSSSESESEESSSSl 
BEE  SESESBEESESSESESSESSl 
SSSEBSSSESSEEBBSEBESSSl 


SB 


■■■  ■■■«■■! 

lag  SESSSSbbEESESSEbSEEEI 
BEE  EEEEEEEEEEEEEEEEEEEeI 


Figure  19.-  The  variation  of  the  base  pressure  coefficient  of  the  engine 

pod  with  Mach  number. 
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(a)  Jet-on  lift  coefficients. 


-2-1012 

-2-1  0  0  '  0  0  0  1  2 

a,  deg 


(b)  Jet-off  lift  coefficients. 

Figure  20.-  The  variation  of  lift  coefficients  with  angle  of  attack 
obtained  during  pitching  oscillations.  Flagged  symbols  indicate 
.  increasing  angle  of  attack;  unflagged  symbols  indicate  decreasing 
angle  of  attack. 
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Figure  21.-  The  variation  of  lift- curve  slope  with  Mach  number. 
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Figure  22.-  The  variation  of  trim-lift  coefficient  with  Mach  number. 


CONFIDENTIAL 


CONFIDENTIAL 


NACA  EM  L56AI6 


3h 


Figure  23.-  Variation  of  jet- on  pitching-moment  coefficient  with  time. 


Figure  24.-  Variation  of  the  period  of  the  short  period  pitching 
oscillations  with  Mach  number  for  jet-on  and  jet-off  flight. 


Figure  25.-  Variation  of  static- stability  derivative  with  Mach  number 

for  jet-on  and  jet-off  flight. 
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Figure  26.-  Variation  of  aerodynamic  center  with  Mach  number  for  jet-on 

and  jet-off  flight. 
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Figure  27.-  Variation  of  the  time  to  damp  to  one-half  amplitude  with 
Mach  number  for  jet-on  and  jet-off  flight. 
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Figure  28.-  Variation  of  damping  derivatives  with  Mach  number  for  jet-on 

and  jet-off  flight. 
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